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ABSTRACT

Background: Quercetin has been distributed in a wide range of
foods, but some of its known effects 7» vitro, are not proven in
human studies. Therefore, the aim of this study was evaluation of
the effects of quercetin intake on cardiovascular risk factors and
inflammatory biomarkers in women with type 2 diabetes.

Methods: This double-blind randomized clinical trial was carried out on
72 women for 10 weeks. Subjects were assigned to quercetin and placebo
groups using a permutated block randomization of size two. Quercetin
was given to participants as a 500 mg capsule daily. Biochemical variables
were measured at baseline and at the end of the study, and changes were
compared using appropriate statistical methods.

Results: Compared with placebo, quercetin intake decreased systolic
blood pressure significantly (—8.8 £ 9.3 vs. —3.5 £ 11.7, P = 0.04).
Although changes in diastolic blood pressure between the groups was not
significant (P = 0.19), high-density lipoprotein cholesterol (HDL-C) was
significantly decreased in both groups while changes in total cholesterol,
low-density lipoprotein cholesterol (LDL-C), triglycerides (T'G) and
ratio of TG/HDL-C and LDL-C/HDL-C wete not significant between
and within groups. Quercetin supplementation significantly reduced
the serum concentration of tumor necrosis factor-ot (TNF-ot) and
interleukin-6 (IL-6) (P = 0.01 and P < 0.0001, respectively); however,
the mean changes in serum levels of 1L-6, TNF-0l, and high-sensitivity
C-reactive protein were not significant between the groups.

Conclusions: Quercetin supplementation reduced systolic blood
pressure significantly but had no effect on other cardiovascular risk
factors and inflammatory biomarkers. Considering the biological effects
of quercetin 7 vitro, we need more studies with a stronger design and
sample size with different doses of quercetin.

Keywords: Blood pressure, inflammatory biomarkers, lipids
profile, quercetin

INTRODUCTION

Diabetes is one of the most prevalent diseases in all
communities. The World Health Organization has estimated the
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number of diabetic patients to be 171 million people
in 2000, and the projection for 2030 is 366 million
people.l'? Diabetes is one of the most important
risk factors for cardiovascular diseases (CVD); this
process is done through an accelerated procedure
of atherosclerosis.’!’ CVD are the main causes
of death in the world. High prevalence of CVD
has been seen in developed countries,* and
38% of mortality occurs due to heart diseases in
Iran.'®”! An increased production of free radicals
due to hyperglycemia is seen in type 2 diabetes.®
Indeed, the balance between antioxidants and free
radicals has been disturbed due to high levels of
pro-oxidants in the body; therefore, complications
of diabetes can be accelerated.”! Likewise,
inflammatory biomarkers values such as
C-reactive protein (CRP), interleukin-6 (IL-6), and
tumor necrosis factor-oo (TNF-o) are increased
in diabetes.!'”! The aim of many studies included
pro-oxidants  decreasing and  antioxidants
increasing, which could improve the oxidative
stress and lipid peroxidation status in diabetic
patients.t!!-14l

It seems likely that adequate intake of food
groups such as vegetables, grains, and fruits
containing flavonoids and polyphenols compounds
are related to the prevention and management of
obesity, type 2 diabetes and heart diseases.!!>!
Recently, among flavonoids, quercetin has earned
the attention of many researchers. Quercetin has
been distributed in a wide range of foods!'” such
as onions, apples, and tea.'®!”! In one study, intake
of high levels of quercetin was associated with
reduced incidence of type 2 diabetes.?” In vitro
studies showed different effects of quercetin as
anti-inflammatory, antioxidant, anti-clotting,
and vasodilatory properties.?!?3) But, human and
animal studies did not have consistent results,?>24
which may result from different physiology of
species and also different levels of oxidative
stress and inflammatory status. Also, the effects
of quercetin supplementation were more visible
in individuals with high levels of inflammation
and oxidative stress.” On the other hand, in
healthy subjects who had lower levels of oxidative
stress and cytokine, intake of quercetin had no
significant effect on TNF-o.!*! Regarding lipid
profiles, in a cross-sectional study, consumption
of quercetin compared with other flavonoids was
inversely associated with low-density lipoprotein
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cholesterol (LDL-C).?7 But the results of human
clinical trials and experimental animal studies in
this field were conflicting.?22421 To the best of
our knowledge, there is no study to examine the
effect of quercetin supplementation on the cardio
metabolic status of people with type 2 diabetes.
According to the conflicting effects of quercetin
on inflammation and cardiovascular risk factors,
and lack of studies on diabetic patients with high
oxidative stress and related problems such as
nephropathy, neuropathy and retinopathy,**3! we
assumed that quercetin supplementation could
improve the metabolic and inflammatory status in
people with type 2 diabetes. Therefore, the aim of
the present study was evaluation of the effects of
quercetin intake on lipids profile, blood pressure,
and inflammatory biomarkers in women with
type 2 diabetes.

METHODS

Subjects

In this study, participants were recruited
among women with type 2 diabetes who were
referred to the Endocrinology and Metabolism
Research Center of Isfahan University of Medical
Sciences. Patients who were eligible for the study
were enrolled by the researcher after signing the
informed consent. Inclusion criteria consisted of a
history of diabetes for at least 3 years, age between
35 and 55 years, not smoking and addiction, lack
of insulin, lack of severe heart diseases, stroke,
severe liver and renal diseases, gastrointestinal
disorders, thyroid dysfunction, rheumatoid
arthritis, and infectious diseases. Exclusion criteria
included changing the dose and type of medication
during the study, pregnancy occurrence and less
than 70% of compliance. At the beginning and
end of intervention, clinical (height, weight,
waist circumference, hip circumference, blood
pressure) and biochemical assessments (TNF-c,
high-sensitivity (hs)-CRP, serum lipids, IL-6)
were performed. Sample size determination in
the current research was performed based on
the suggested approach by Campbell et al.l? for
comparing means between two group as follows: If
the observations come from a normal distribution,
then, with the anticipated standardized effect size
between them, based on the results of Egert e al.’s
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study,® specified as A = 0.75, the sample size in
each group for a two-sided test oo = 0.05 and power
1-p =0.8 was 36.

The study was approved by the FEthical
Committee of Isfahan University of Medical
Sciences, Isfahan, Iran, and has been registered at
the Iranian website (IRCT201011015062N1) for
registration of clinical trials. In addition, sampling
and implementation of study was performed in 2011.

Study design

This double-blind randomized clinical trial
study was carried out for 10 weeks. A permutated
block randomization method was used to randomly
allocate subjects into the supplement and placebo
groups. Quercetin (Solaray, USA) was given to
participants as a dosage of 500 mg per day. Placebo
capsules were similar in appearance to quercetin,
and contained lactose, which was produced in the
School of Pharmacy, Isfahan University of Medical
Sciences. Supplements were given to individuals
in two stages (in the 1% and 5* week) by someone
except the researcher in the endocrinology center
and compliance was measured by counting the
remaining capsules at the end of the study and
calculated by the formula:

(number of capsules given —
number of unused capsules)* 100

Compliance= -
All given capsules

During the study, participants recorded any
side-effects or observations and were asked not
to change their usual diet and physical activity.
Nutrient intake was collected through 1 day
food record at the 1%, 5% and last weeks of
intervention, and was calculated with Modified
N4 (version 1). Physical activity of the subjects
was evaluated by the short International Physical
Activity Questionnaire at the beginning and at
the end of the study (www.ipaq.ki.se) and was
expressed as metabolic equivalent-minutes per
week (MET-min/week).!

Anthropometry and biochemical assessments

Anthropometric measurements were performed
at the beginning and at the end of the study. Height
was measured in a standing position without
shoes by a stadiometer with the nearest 0.5 cm.
Weight was determined with minimal clothing and
without shoes by a Seca scale with a precision of
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100 g. Waist circumference was measured in the
middle bottom ribs and pelvic bones after a normal
exhale. The most prominent part was considered
to be the hip circumference measurement. Systolic
and diastolic blood pressure (DBP) was measured
with a sphygmomanometer (Rester) in a sitting
position and after 5-10 min rest.??

In order to evaluate the biochemical variables,
12-h fasting blood samples were taken at the
beginning and at the end of the intervention. Until
blood clot formation, the samples were kept at
room temperature for 1 h and were then centrifuged
at 2000 rpm for 15 min to separate serums.
Serums were maintained into specific batch at
temperatures —70°C until the time of testing.

Lipid profile (total cholesterol, HDL-C,
LDL-C, triglycerides [TG]) was measured using
the quantitative detection kit and photometric
method (Pars Azmoon Inc., Iran) with fresh
samples. Serum levels of TNF-a, hs-CRP, and IL.-6
were determined by enzyme-linked immunosorbent
assay (ELISA). Measurement of TNF-a were
performed by the human TNF-o ELISA kit (Boster
Inc., USA), measurement of serum IL-6 was done
with human IL-6 ELISA kit (Boster Inc., USA)
and serum hs-CRP was measured by the human
hs-CRP ELISA kit (Pars Azmoon Inc., Iran). In
addition, sampling and implementation of study
was performed in 2011.

Statistical analysis

Statistical analysis was performed using
Statistical Package for the Social Sciences
(SPSS) software version 16.0 (SPSS Inc.,
Chicago, IL, USA). Normality of the studied
variables was assessed using histograms and
Kolmogorov—-Smirnov test. All variables were
normally distributed except hs-CRP and IL-6.
Therefore, logarithmic transformation was used
for normalization. Quantitative variables were
presented as mean + SD and qualitative variables
as number (percent). Within and between group
comparisons were assessed using the paired T-test
and the independent samples, respectively.

RESULTS

Mean (£SD) of age and weight were
46.4 (£4.5) years and 74.7 (£1.3) kg, respectively.
From 72 participants, 10 subjects were excluded
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(four due to gastrointestinal problems, three
due to medication changes and three because of
personal reasons), and only 62 patients completed
the study [Figure 1]. There were no significant
differences between groups in terms of weight,
body mass index, and waist circumference.
Compliance was 92.5% and 94% in the quercetin
and placebo groups, respectively. There was
no significant difference between groups in
compliance (P = 0.39).

Three-day dietary records’ assessment showed
that there were no significant differences between
and within groups. Caloric, macronutrients,
vitamin A, vitamin E, vitamin C, vitamin D,
beta-carotene, selenium, copper, zinc, niacin,
saturated fatty acids, and cholesterol were
compared between groups using repeated measures
analysis of variance, and there were no statistically
significant differences [Table 1]. Physical activity
was calculated as MET-min/week and there was

no statistically significant difference between the
groups (P=0.8).

Results of within and between groups
comparisons in terms of cardiovascular risk factors
are shown in Table 2. As compared with placebo,
quercetin intake significantly decreased the
systolic blood pressure (—8.8 £ 9.3 vs. =3.5 + 11.7,
P = 0.04). DBP was significantly reduced by
both quercetin and placebo supplementation,
but there were no significant differences between
the groups (P = 0.19). Changes in serum levels
of cholesterol, LDL-C, TG, and the ratio of
TG/HDL-C and LDL-C/HDL-C were not
significant between and within groups. Both
quercetin and placebo intake significantly declined
HDL-C, but there was no significant difference
between the groups.

Quercetin  supplementation and placebo
significantly reduced serum concentrations of
TNF-a, but we did not see a significant difference

(n = 589)

Assessed for eligibility

Excluded (n = 517)
Not meeting inclusion criteria

(n=269)
Declined to participate
(n=248)

Randomized (n = 72)

Allocated to
placebo (n = 36)

intervention (n = 36)

Allocated to

Discontinued
intervention

Due to changes medication (n = 1)
Gastrointestinal disorders (n = 4)
Personal reasons (n = 3)

Due to changes medication

(n=2)

Analyzed (n = 62)

Figure 1: Patient flow diagram
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between  groups. Quercetin  consumption
significantly decreased the serum concentrations of
IL-6, but mean changes between groups were not
significant. Quercetin intake did not significantly
affect the serum levels of hs-CRP between groups
and within groups [Table 3].

DISCUSSION

In the present study, we investigated the effect of
quercetin supplementation on blood pressure, lipids
profile, and inflammatory biomarkers (TNF-c,

hs-CRP, IL-6) in women with type 2 diabetes. We
observed that 10 weeks’ of supplementation with
quercetin resulted in reducing the systolic blood
pressure significantly, while it had no significant
effect on the other variables.

Blood pressure

To the best of our knowledge, there are only
three human studies that examined the effect of
quercetin supplementation on blood pressure. 1222834
Conquer er al.?® examined the effect of quercetin
supplementation on blood pressure in healthy

Table 1: Results of between group comparison in terms of nutrient intake'

Nutrient Placebo Quercetin P value? Nutrient Placebo Quercetin P value?
Energy (kcal) 1446.8+67.3  1498.2+60.4 0.57 Vitamin A (RE)  455.9+65.4  594.3+124.2 0.34
Protein (g) 52.242.8 53.8+2.1 0.65 Vitamin E (mg) 8.6+0.8 9.24+0.8 0.62
CHO (g) 245+12.5 249.6+11.9 0.79 Vitamin C (mg) 80+6.3 72.3+7 0.42
FAT (g) 31.8+1.7 34.4+1.5 0.27 Vitamin D (Ug) 0.73+0.17 0.51+0.14 0.42
SFA (g) 10.3+0.6 11.6£0.6 0.16 Niacin (mg) 17.6+1 17.6+0.7 0.98
Cholesterol (mg) 123.5+11.9 134.5+14.2 0.56 Se (mg) 0.06+0.004 0.06+0.004 0.64
Copper (mg) 0.85+0.04 0.85+0.05 0.94 Zinc (mg) 5.1£0.3 5.3+0.2 0.66

!The numbers are reported as mean+standard error, 2Between group comparisons, CHO=Carbohydrates, SFA=Saturated fatty

acids, RE=Retinol equivalent

Table 2: Results of within and between group comparison in terms of cardiovascular risk factors

Cardiovascular Before After Change! P value?  Before After Change! P value? P value®
risk factors

SBP (mm Hg) 11+£0.2 10.6+0.3 —3.5+2.1 0.08 11.740.2 10.6+0.2 —-8.8+1.5 0 0.04
DBP (mm Hg) 7.3+0.1 6.840.2  6.2£2.4  0.006 7.9+0.1 7.1+£0.1  —10+1.6 0 0.19
Cholesterol (mg/dl) 177.6+6.4  173£5.6 —1.6£1.9 025 189.2+7.5 188.6+6.4  1.9+3 0.9 0.36
TG (mg/dl) 151494 163.6+£15.6 12.149.6 038  198.4+20.5 186.1+17.5 3457 0.36 0.4
LDL-C (mg/dl) 103.6£4.5 101.7£4.5 0.6+4.1 0.62 106.1£5.5 105.9+4.4 5+4.4 0.96 0.49
HDL-C (mg/dl) 46.8£2.4  4342.1 —7+2.8  0.005 452+1.7  41.8+1.7 -6.6£2.2  0.003 0.91
TG/HDL-C 3.4+0.2 4/3+0.6 0.8+0.6 0.17 5.3+0.7 5.1+£0.5 -0.1+04  0.67 0.16
LDL-C/HDL-C 2.3£0.1 2/4£0.1  0.1£0.08 0.056  2.3+0.13 2.6+£0.1  0.2£0.1 0.05 0.61

!Changes in each group are obtained by subtracting the baseline value from the final value of each variable, *Within group
comparisons, *Between group comparisons, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, TG=Triglycerides,
HDL-C=High-density lipoprotein cholesterol, LDL-C=Low-density lipoprotein cholesterol

Table 3: Results of within and between group comparison in terms of inflammation biomarkers

Inflammation Placebo Quercetin P valueé®
biomarkers Before  After Change!  Pvalue?  Before After Change' P value?

TNF-a (pg/ml) 2.8+0.3 2+40.2 4.4420.8 0.02 24402  1.7+0.2 —6+16.4 0.01 0.68
hs-CRP (pg/ml) 27403  3+0.6 2674168 042 3404 305  17.6£13.1  0.82 0.78
IL-6 (pg/ml) 4.1+£0.5 2.6£04 —25.5+7.2 0.09 5.7£0.8  2.9+0.4 —35.2+6.8 0 0.35

!Changes in each group are obtained by subtracting the baseline value from the final value of each variable, 2Within group
comparisons, Between group comparisons, TNF-o=Tumor necrosis factor-o, hs-CRP=High-sensitivity C-reactive protein,

IL-6=Interleukin-6
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subjects; these researchers reported that 1000 mg/d
quercetin for 28 days could not have a significant
effect on systolic and DBP. In contrast to this study,
Edwards er al.** found that supplementation with
730 mg quercetin/d for 4 weeks in pre-hypertensives
and stage 1 hypertensive individuals reduced
systolic and DBPs only in stage 1 hypertensive
subjects significantly; but without significant
differences between two groups. In order to show
the blood pressure-lowering effect of quercetin, it
seems likely that we need a degree of hypertension.
Egert et al.?” have recently shown that 150 mg/d
quercetin for 6 weeks in people with metabolic
syndrome compared with the placebo group
significantly decreased the systolic and DBPs.

So far, there is not study to examine the effect
of quercetin in people with type 2 diabetes. Our
data showed that quercetin supplementation for
10 weeks significantly reduced the systolic and
DBPs in the supplement group, but, in comparison
between groups, significant difference was observed
only in systolic blood pressure (P = 0/49). This
reduction in systolic blood pressure (—8/8) was
related to 14% reduction in mortality of stroke
and 9% decrease in deaths from cardiovascular
disease.[® Our outcome is worthwhile because,
in association with mortality from cardiovascular
diseases, systolic blood pressure is a higher
serious risk factor than DBP.*®! Because of high
oxidative stress in people with type 2 diabetes,
vessels are affected and endothelial dysfunction
can led to hypertension and atherosclerosis. A way
in which flavonoids can lower the risk of heart
disease is improvement of endothelium-dependent
vasodilation.’”” DBP reductions in the placebo
group were possibly due to changes in the level of
physical activity or psychological placebo effect.

Inflammation

The anti-inflammatory effects of quercetin
are clearly seen in in vitro studies.”!! This property
was different in human and animal studies,?>26.22]
which may result from the different physiology of
species and also different levels of oxidative stress
and inflammatory status. Quercetin prevented
generation of inflammatory cytokine TNF-o in cell
cultures. This effect is linked to modulation of the
NF-kB pathway. !

In the present study, quercetin intake significantly
decreased the serum concentration of IL-6 and
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TNF-a. This finding was consistent with the results
of Rivera et al.,? which showed that a higher dosage
of quercetin (10 mg/kg) in obese rats who had
higher levels of cytokines could reduce the visceral
production of TNF-oo and increase adiponectin.
While in another study, receiving 150 mg quercetin
for 6 weeks in obese and overweight subjects
compared with placebo had no significant effect on
the serum levels of TNF-o and hs-CRP.1??

Decreased bioavailability of quercetin and small
numbers of subjects were probable reasons of our
results in inflammatory mediators. Also, animal
studies have shown that the anti-inflammatory
effect of quercetin is a dose-dependent effect.??
According to the short half-life of quercetin, if the
supplements were divided into several doses with a
lesser amount, quercetin would have a better effect.
But, these patients receive several medications and
quercetin intake as several capsules with less value
for them was not acceptable. Of course, biochemical
changes of quercetin after absorption could not be
ignored.®* Also, contrary to our expectation,
TNF-o had been decreased in the placebo group,
which may have occurred due to the psychological
effect of placebo intake.

Lipids profile

In human studies with different dosages
of quercetin, no significant changes in blood
lipids (HDL-C, LDL-C, TG) were seen.?®34 Only in
one study in 2009 did quercetin consumption result
in a significant decrease in HDL-C levels compared
with placebo.??! Also, in the present study, in both
the placebo and the supplemented groups, HDL-C
decreased significantly, but this decrease was higher
in the placebo group and there was no significant
difference between the two groups.

In animal studies, serum levels of TG and TC
were decreased after quercetin consumption,
but this effect was seen in animals with higher
blood lipids levels.?” Also, in this study, we saw a
reduction in TG levels in the supplemented group,
but these changes were not significant. However,
the following issue should be kept in mind — high
levels of blood lipids in our study population were
controlled by medication (during the intervention
period, the amount of drugs was fixed), and probably
due to the normal levels of blood lipids, we did not
see a hypolipidemic effect of quercetin. Regarding
the fact that dyslipidemia is a common disorder
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in diabetes, and that the participant had a 3-year
history of diabetes, progression of dyslipidemia
during intervention such as decreased HDL-C can
be attributed to disease progressive and disturb the
metabolic status of these patients. In addition, this
small reduction in HDL-c levels was not associated
with increased TG/HDL-C and LDL-C/HDL-C
ratio. Perhaps, this change resulted from the
physiological and clinical status of diabetic patients.

Among the strengths of this study, we can
point to the population study (women with type 2
diabetes). According to gender, the collaboration
of women is better than men, and they cooperated
with the researcher better. Also, contrary to
developed countries, the prevalence of diabetes
among Iranian women is more than that among
men.*! Limitations of the present study were the
high cost of the research project, the impossibility
of compliance assessment by using measurement
of plasma quercetin concentrations before and after
study and lack of appropriate tools for assessment
and analysis of dietary intakes in Iran.

CONCLUSIONS

Quercetin  supplementation could cause a
significant reduction in systolic blood pressure but
had no effect on other cardiovascular risk factors and
inflammatory biomarkers. Considering the biological
effects of quercetin in vitro, we need more studies
with a stronger design and sample size with different
doses of quercetin. Because dietary approaches
to stop hypertension (DASH) diet includes high
amounts of fruits and vegetables, it is a good source
of antioxidants such as quercetin and fiber. Also, a
study reported that the DASH diet was associated
with a lower risk of type 2 diabetes. Therefore, for
future studies regarding the possible beneficial effects
of diets rich in quercetin, such as the DASH dietary
pattern among diabetes, is recommended."?
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